The most complex Photonic ICs today have been developed for WDM applications. An overview of the most important integration technologies will be given and recent developments towards broader applications and higher integration densities will be discussed.
Introduction
Photonics is a rapidly growing sector in the global realised in several ways. economy. Optical communications, optical disks, digital
For the in-plane integration the most straightforward cameras, lighting, lasers and optical sensors are just a one is by first growing one stack on the full wafer, few examples. In comparison to electronics, most selectively removing that stack in the regions where the photonic equipment is still large and ex-pensive. Just like other stack is needed, by covering the wafer with a mask in micro-electronics, many applications can be realized everywhere where the first stack is needed, and in a much more compact and cost-effective way by regrowing the second stack after etching away the first integrating the required functionality in a single chip.
one while preventing regrowth on the region where the So far the main drive for photonic integration has first stack is still present. This is called butt-joint come from telecommunications, and especially WDM integration because the active and the passive applications, and most of the integrations technologies waveguides are coupled via a butt joint. This process reported today have been developed for application in offers a large flexibility to the designer, because both the telecommunication wavelength window around 1.55 stacks can be chosen and optimised independently. In ptm. More recently applications of this technology in practical schemes the number of regrowths required is other fields are emerging too. three [1] or even more [2] . The Aw major issue for Photonic Integration is the way in and passive waveguide devices. An important which active waveguide sections, used in laser and disadvantage is the reduced design freedom for the layer optical amplifier, are integrated with transparent stack, which is the same through the whole wafer, waveguide sections, as they are used in a variety of including dopant level. As the requirements for the passive devices like couplers, filters, wavelength doping level in the cladding are conflicting for low-loss (de)multiplexers, switches and modulators. In principle transparent waveguides and low resistance current two different schemes can be distinguished, each with a injection devices like SOAs a compromise between number of variants. They are illustrated in Figure 1 . In waveguide loss and device resistance has to be accepted. the first one active and transparent waveguides are in the In the second scheme the active layer is applied on same plane. In the second one the active and the passive top of the transparent waveguide and it is removed layers are stacked vertically. The structures can be afterwards everywhere where it is not needed. having passed a number of components, the signal will If we restrict ourselves to devices realised in a similar be degraded so strongly that it has to be regenerated. technology, which is actually also the case in the famous On-chip signal regeneration is possible, but full Intel plot [6], a clear trend becomes visible as shown in regenerators are complex and they also require a Figure 2 
